The screening of neo-angiogenesis related gene expression has uncovered many disrupted molecular pathways which may significantly confer to malignant transformation of various cell types including cervical cells. The objective of the present study was to delineate whether changes in certain gene expression profiles during the malignant conversion of the uterine cervix can be potentially used to predict the clinical course and outcome of the cervical pathology. Total RNA was isolated from Pap smears obtained from healthy females or patients diagnosed with low-grade squamous cervical intraepithelial lesions (LG-SIL), high-grade (HG)-SIL or cervical carcinoma. VEGF, TGF-ß1 and YY1 mRNA expression levels were assessed by QRT-PCR. Confirmation of YY1 protein discrepancy among cervical tissues of different histopathology was performed by immunohistochemistry. All tested genes showed statistically significant expression variations among the indicated groups. VEGF and TGF-ß1 mRNA overexpression was found to be associated with progression from low-grade to high-grade cervical intraepithelial neoplasia (CIN), while YY1 showed constitutively elevated transcript levels in CIN and cervical cancer compared to controls. At the protein level YY1 was also overexpressed in HG-SIL and cancer tissues compared to LG-SIL. Both YY1 transcript and protein overexpression were associated with HPV18-or HPV16-infected samples. Spearman analysis revealed a co-expression pattern for VEGF and TGF-ß1 mRNAs in normal cervix and LG-SIL; however, YY1 expression correlated negatively with VEGF and TGF-ß1 transcript levels upon the onset of the cervical neoplastic transformation. Our findings provide for the first time evidence for the implication of YY1 in uterine cervix carcinogenesis and suggest that VEGF, TGF-ß1 and YY1 could be useful biomarkers of cervical malignant transformation as well as potential targets for therapeutic approaches.
Introduction
The malignant transformation of the uterine cervix represents an excellent paradigm of disrupted expression of growth factors (GFs) at different levels, following the onset of an initial human papilloma virus (HPV) infection, the progression to CIN and finally to cancer (1, 2) . Despite the fact that the chronic infection of keratinocytes of the uterine cervix by HPV is thought to be strongly implicated as a causative agent in the etiology of cervical cancer and its precursors (CIN), HPV infection alone could not be considered sufficient for cancer development (3) . Thus, a number of exogenous and abnormally expressed endogenous factors, including transcriptional regulators, may be conducive to CIN and tumor advancement by acting independently or synergistically. Among the various angiogenic factors that have been studied in tissues derived from patients with cervical lesions and cancer, TGF-ß1 and VEGF have shown significant disrupted expression at different levels, even in early-stage cervical abnormalities (LG-SIL), compared to normal tissues (1, (4) (5) (6) (7) (8) .
TGF-ß represents a family of peptides of which TGF-ß1, -2, and -3 are expressed in humans (9) . These cytokines have been shown to be produced by various cell types, including keratinocytes and cells implicated in immune responses much like T lymphocytes, macrophages and dendritic cells (10, 11) . TGF-ß1 is secreted as a latent complex that must be cleaved by proteases or reactive oxygen species (ROS) in order to become active (12) . TGF-ß1 seems to be an important stimulant of growth arrest in many cell types, however in immunity, its predominant role is anti-inflammatory, inducing de-activation of T-lymphocytes and macrophages, thus promoting downregulation of humoral and cellular immune responses (9, (12) (13) (14) (15) . The above functions of TGF-ß1 seem to uncover its multifunctional role in tumor pathogenesis, acting either as a tumor growth inhibitor or as an enhancer of tumor progression via immune cell suppression. Although multiple mechanisms are involved in the control of TGF-ß1 activity and its impact on tumor development and severity, transcriptional mechanisms regulated by various exogenous and endogenous factors are thought to be crucial. We have previously shown that TGF-ß1 mRNA levels are increased in cervical intraepithelial neoplastic tissues, especially in grade II lesions as compared to normal epithelia (1) . According to the above observations other RT-PCR analysis-based studies demonstrate variations in TGF-ß1 transcript levels among CIN and normal cervical specimens (7, 8) . Relevant reports on TGF-ß1 protein levels indicate decreased intracellular TGF-ß1 expression in neoplastic epithelium but increased extracellular levels in cervical cancer stroma (16) . Additionally, other in vitro and in vivo observations on freshly isolated cervical carcinoma cells and cervicovaginal washings of patients with cervical cancer, respectively, have demonstrated local elevation of TGF-ß1, supporting the hypothesis that tumor progression may be indirectly promoted by TGF-ß1 via immunosuppression (17, 18) .
The implication of VEGF in tumorigenesis has been well demonstrated. VEGF, as an endothelial cell-specific mitogen, induces cell proliferation and enhances vascular permeability, therefore promoting tumor development (19) . Increased VEGF mRNA and protein expression has been associated with CIN and cervical cancer (1, (4) (5) (6) 20) . VEGF expression levels in the uterine cervix have also been related with local tumor progression, its metastatic potential and poor prognosis (5, 6, 20, 21) .
It has recently been shown that transcription factors known to be implicated in mammalian development and cell differentiation may also play a major role in the establishment and progression of several types of tumors. A novel member of this family of tumor-related transcriptional regulators is Yin-Yang 1 (YY1). YY1 is believed to be a constitutive factor, present in most cell types, affecting negatively or positively the transcription of a large number of viral and cellular genes including those involved in the control of cell growth, development, differentiation and tumor establishment (22) (23) (24) (25) (26) . The putative role of YY1 in tumorigenesis is mainly supported by its known interaction with cell cycle regulation (27) . YY1 overexpression is considered to be an important malignant marker, as it has been found in several tumor types including those of the prostate (28) . Overexpression of YY1 may also regulate resistance and inhibit tumor cell destruction by the host immune system which may lead to tumor progression (27) . The link between YY1 and GFs was established following reports indicating significant induction of YY1 expression in media rich in GFs, including IGF1 and FGF2 (29, 30) . In HPVrelated cervical SIL and cancer, YY1 has been associated with repressing effects on HPV16 and HPV18 upstream regulatory region (URR) enhancer or promoter motifs which critically influence E6/E7 expression levels and thus the immortalizing and transforming potential of these strains in the cervix (31) . The role of YY1 in cervical cancer and its precursor lesions however has not been investigated thus far.
Despite the established involvement of VEGF and TGF-ß1 in the malignant conversion processes in different tissues including uterus cervix, the biological and prognostic significance of their expression variations between different grades of benign and cancerous tissues has not been well defined. The important issue that the present study addressed was how the gained knowledge from cervical tissue specimens, in terms of abnormal GF gene expression, could be similarly monitored in easily obtained Pap smear samples and whether the derived information could have clinical implications in prognosis management practices. Moreover, we investigated for the first time the implication of novel tumor-related transcriptional regulators, such as YY1, in cervical neoplasia and cancer, as well as the association of YY1 expression with exogenous factors known to confer to cervical malignant transformation, such as HPV infection.
Materials and methods
Study cases. Sixteen Pap smears randomly selected from patients diagnosed with cervical intraepithelial neoplasia and 6 relevant samples derived from individuals with cervical carcinomas were included in the study. A total of 19 Pap smear samples from histologically normal cervices served as the control group (Table I) . All specimens were obtained during non-surgical ablation of Pap smear material for diagnostic purposes at the Department of Obstetrics and Gynecology of the University Hospital of Crete. Sections of samples were histologically evaluated to establish the diagnosis. The purity of the pathological samples was estimated by using H&E staining to ensure that each sample contained >80% neoplastic cells. Specimens were snap-frozen in liquid nitrogen at the time of ablation and stored at -80˚C until RNA extraction. Tumor smears included 5 squamous-and 1 adenocarcinoma, while the CIN group consisted of 6 lowgrade (CINI) and 10 high-grade (CINII and CINIII) squamous intraepithelial lesions (referred to as LG-SIL and HG-SIL respectively). The control group matched the 2 pathological groups (CIN, cancer) with respect to age (median, 45 years; range, 24-82 years) (Table I) . Specimens' disease severity in addition with other clinical characteristics including age and HPV infection status, was correlated with the expression profiles of the studied genes in terms of their contribution to the altered patterns of mRNA expression between the various histological groups.
Additionally, paraffin sections of cervical tissues from 43 HPV-positive patients, including 16 LG-SIL, 11 HG-SIL, and 16 squamous cervical carcinomas, were subjected to YY1 immunohistochemistry analysis (Table I) . All paraffin tissues were obtained from the Pathology Departments of the Hospital General No. 68 (HGZ) and the Hospital de Ginecologia y Obstetricia No. 3 CMN 'La Raza', Instituto Mexicano del Seguro Social (IMSS) in Mexico City. HPV infection was confirmed and typed by PCR analysis as described below.
Histological cell types of the examined tumors and intraepithelial lesions were assigned according to the WHO Classification, whereas staging was reviewed based on the International Federation of Obstetrics and Gynecology (FIGO) staging system (32) . None of the patients in the tumor groups had undergone any radio-or chemo-therapeutic treatment prior to the time of the sample collection, while the patients with CIN or normal individuals had not undergone any previous treatment of the cervix, including surgical or laser vaporization. Informed consent was obtained from all the individuals that participated in the study. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the human research committees of the participating hospitals.
DNA extraction and HPV detection. Genomic and viral DNA was extracted from part of each smear or tissue sample by using the standard phenol/chloroform protocol (33) . Amplification of HPV DNA in the studied specimens was originally performed by polymerase chain reaction (PCR) using pairs of primers specific for the E6 gene region of the HPV18 and HPV16 viral strains. All samples were first examined for the presence of amplifiable DNA by using primers for the ß2-microglobulin gene and screened for the presence of non-type specific HPV DNA using the general HPV primers (HPVGP), GP5 + /GP6 + (33) . PCR reactions were performed in a total volume of 25 μl containing 5 μM of 10X PCR buffer [200 mM Tris-HCl (pH 8.4), 500 mM KCl], 1.5 mM MgCl 2 , 0.2 mM of each deoxynucleotide (dNTPs), 0.6 units of recombinant Taq DNA polymerase (Invitrogen Ltd., UK) and 100 ng of extracted DNA. All samples were subjected to 40 cycles of amplification as previously described (33) . Primer sequences and concentrations used, as well as the expected PCR fragment sizes are summarized in Table I . Of each reaction mixture, 10 μl was electrophoresed on 2% ethidium bromide-stained agarose gel and analysed for confirmation of the presence of the correct viral DNA amplimer. All positive samples were repeated twice for verification. Appropriate positive controls were included in each PCR reaction in order to establish the specificity of primer directed amplification. Recombinant plasmids carrying Table I . The clinicopathological characteristics of the specimens. 8
VEGF, TGF-ß1 and YY1 mRNA expression analysis in low-and high-grade squamous intraepithelial lesions (LG-, HG-SIL) and cancer samples. a Relative mRNA value represents the ratio of the normalized mRNA value (target gene expression/GAPDH expression) of each pathological sample with the mean normalized value of all normal controls. SEM, standard error of the mean. Two-fold increase (a value ≥2) was considered as overexpression. b Mann-Whitney U test was performed to compare variances in the mean relative mRNA values among LG-SIL, HG-SIL and cancer groups for each gene tested. NS, non-significant.
HPV-type specific sequences served as positive controls for HPV16 and HPV18 genome detection, whereas HeLa cells transfected with conserved L1 sequences among most HPV strains were used as a relevant control template for HPVGP amplification.
RNA extraction and cDNA synthesis. Total RNA was extracted from each specimen using the LS Trizol reagent (Invitrogen Ltd, UK) according to the manufacturer's instructions (1) . RNA concentration and purity was determined on a UV/ VIS spectrophotometer (Hitachi Instruments Inc., USA) by evaluation of the A260/A280 ratios. RNA integrity was examined by denaturing polyacrylamide gel electrophoresis. Reverse transcription reactions for the preparation of firststrand cDNA were conducted in a total volume of 20 μl by using the Promega RT system kit (Promega Corporation, USA). Briefly, for each sample 1 μg of its RNA was preheated at 70˚C for 10 min and then subjected to reverse transcription by adding the appropriate reagent mix supplemented by random hexamers as amplification primers. Each reaction mix was initially incubated at 42˚C for 60 min, followed by an additional incubation step at 95˚C for 5 min mediating the complete inactivation of the reverse transcriptase. cDNAs were stored at -20˚C until use.
Quantitative real-time polymerase chain reaction (QRT-PCR)
analysis. Transcribed products were subjected to real-time PCR assay with SYBR ® -Green I in an Mx3000P programmable thermal controller apparatus (Stratagene). For each target gene 1 μl of cDNA was amplified in a total volume of 20 μl containing 2x Brilliant SYBR ® -Green QPCR Master mix (supplemented with 2.5 mM MgCl 2 ), 30 mM ROX as passive reference dye, and the appropriate concentration of each primer set. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as internal control, in order to normalize target gene mRNA expression levels. All primer pairs were designed to span at least one intron in order to avoid amplification of contaminating genomic DNA along with cDNA. Primer sequences and their annealing conditions are listed in Table II . All reactions were performed in triplicate. Cervical samples were subjected to 45 cycles of amplification, comprised of denaturation at 95˚C for 30 sec, annealing for 30 sec at the appropriate temperature for each primer set tested, and elongation at 72˚C for 30 sec. After amplification, standard curves were constructed, from samples used in a series of consecutive dilutions, for both the gene of interest and the internal control (GAPDH). Dissociation curves were also performed for all the tested genes to exclude the presence of byproducts or primer-dimer formation. Data were collected during annealing and extension with two measurements at each step and at all times during melting curve analysis. The correct PCR products were further confirmed by analysis on 2% ethidium bromide-stained agarose gels. For all tested samples the mRNA expression of both the target and the housekeeping gene (GAPDH) was calculated, projecting, with the help of the standard curve, the Ct value of all unknown samples to a relative mRNA quantity. Normalized mRNA values for each target gene were derived by dividing the relative mRNA value of each sample by the corresponding relative quantity of GAPDH mRNA.
Immunohistochemistry. Formalin-fixed paraffin-embedded cervical sections (4 μm) were deparaffinized with heat and xylene treatment, and then re-hydrated with graded ethanol and distilled water. Antigen retrieval was performed by immersing the slides for 5 min into boiling 0.01% sodium Table II . Primer sequences used for QRT-PCR. 
Endogenous peroxidase activity and unspecific antibody binding was reduced by treating the slides with 3% H 2 O 2 in methanol for 25 min, and 1% BSA in phosphate buffer (PBS) pH 7.4 for 60 min, respectively. Rabbit polyclonal anti-human YY1 (Santa Cruz Biotechnology Inc., CA, USA) was used at 1/250 dilution in PBS/BSA 0.1%, as the primary antibody. The same concentration of rabbit IgG serum was used as negative control. Following overnight incubation with the primary antibody at room temperature, the slides were washed 5 times with PBS for 8 min each. In order to reduce the staining variability, all samples were processed at the same time in a single experiment using a single batch of antibody dilution. After washing, the sections were further incubated with an anti-rabbit biotinylated secondary antibody and a streptavidin-HRP conjugate (both provided by Universal LSAB kit, Dako Corporation, Carpinteria, CA, USA), according to the manufacturer's instructions. Color visualization was established by staining the slides with 3,3'diaminobenzidine tetrahydrochloride (DAB) (Dako) for 1 to 5 min in the dark. Color development was arrested with distilled water and the slides were counterstained with hematoxylin. Finally, sections were dehydrated in graded ethanol baths (70, 90 and 100%) and xylene and protected with mounting medium. Levels of YY1 protein expression were scored under a light microscope at x400 magnification. Score estimation was based on the evaluation of the mean signal intensity (scale 0 to 4+) by two independent specialists.
Statistical analysis. VEGF, TGF-ß1 and YY1 mRNA expression was compared among normal, LG-SIL, HG-SIL, and cancer groups and correlated with their HPV status. The Kolmogorov-Smirnov goodness of fit test was initially used to determine whether the expression follows a normal distribution pattern. Where appropriate non-parametric tests (Kruskal-Wallis H and Mann-Whitney U tests) or Chi-square (χ 2 ) Pearson analysis, were applied for evaluation of statistical significance. The comparison of YY1 staining score among different histological groups, as well as the association of mRNA expression patterns with clinical parameters, including age and HPV infection status, was assessed similarly. Data are presented as the mean ± standard error of the mean (mean ± SEM). Spearman's rank correlation was used to evaluate the significance of the given target gene mRNA co-expression pair-wise between the indicated groups. Probability values (pvalues) <0.05 were considered statistically significant; while all statistical analyses were 2-sided. Statistical analyses were performed using the SPSS 11.5 software (SPSS, Chicago, IL).
Results

VEGF and TGF-ß1 overexpression correlates with progression of low-grade to high-grade cervical intraepithelial neoplasia;
constitutive up-regulation of YY1 transcript levels in CIN and cervical cancer. Two approaches were applied for the comparative evaluation of the gene expression among the indicated groups. According to the first approach, the normalized values of CIN and cervical cancer samples were divided by the mean normalized value of all normal controls. The derived ratio represents the relative expression of each CIN or tumor sample to normal controls. Two-fold increase (a value ≥2) or decrease (a value ≤0.5) was considered as target gene mRNA overexpression or underexpression, respectively. Alternatively, the second approach was based on the comparison of the mean normalized expression values for each target gene among all the four subgroups studied (normal, LG-SIL, HG-SIL, cancer).
The results based on the analysis by the first approach are presented in Table I . The percentage of HG-SIL samples with VEGF or TGF-ß1 overexpression was significantly higher when compared to LG-SIL specimens. The majority of cancer samples also showed statistically significant VEGF overexpression compared to that observed in LG-SIL cases, while for TGF-ß1 a significant underexpression following the progression of HG-SIL to cancer was observed in 66.6% of the cancer samples. YY1 overexpression patterns were detected in all pathological groups, however, the mean relative YY1 mRNA expression in HG-SIL was marginally higher (p=0.061) compared to LG-SIL. Figure 1 . Box plots presenting the mean ± SEM values of (A) VEGF, (B) TGF-ß1, and (C) YY1 mRNA expression (defined as ratios of target gene copies/GAPDH copies) assessed in Pap smears by QRT-PCR. All target genes were significantly overexpressed in LG-SIL and HG-SIL, while only VEGF and YY1 transcript levels were significantly higher in tumors compared to normal samples. The statistical significance of the expression differences among the various histological subgroups were determined using non-parametric pair-wise Mann-Whitney U test.
Since the above statistical estimations were based on differences in absolute numbers and percentages of samples presenting a certain expression status as defined above, it was reasonable that the fluctuation of the expression values among the studied samples was not considered as an evaluation parameter. Therefore, the objective of the second approach for evaluation of the results was a comparative assessment of the differences in mean normalized gene expression values defined among the studied subgroups. According to this approach, all genes studied showed statistically significant expression variations among the groups of normal, LG-SIL, HG-SIL and cancer (Kruskal Wallis, p=0.001, p=0.005, p<0.0001 for VEGF, TGF-ß1 and YY1 respectively) ( Fig. 1) . Specifically, VEGF expression in normal samples was significantly decreased compared to that observed in HG-SIL and cancer samples (Fig. 1A) . Disrupted VEGF expression profiles were also established between LG-SIL and HG-SIL as well as in cancer specimens indicating a progressive elevation of VEGF mRNA levels upon cervical neoplastic transformation to cancer. With respect to TGF-ß1, HG-SIL samples showed elevated gene transcript levels compared to normal and LG-SIL cases, as similarly observed with VEGF ( Fig. 1B) . However, there was no detectable significant association between the TGF-ß1 mRNA patterns detected in the cancer group and those detected in the other subgroups. The YY1 expression patterns showed multiple variations among the studied categories, with the controls presenting basal transcript levels (Fig. 1C ). Following the onset of an initial cervical intraepithelial neoplasia (LG-SIL) and the progression to HG-SIL and cancer, YY1 mRNA was significantly increased. However, YY1 up-regulation in HG-SIL was only marginally significant compared to LG-SIL (p=0.062) or cancer specimens (p=0.055).
Co-expression of VEGF and TGF-ß1 mRNAs in normal cervix and LG-SIL; YY1 expression correlates negatively with VEGF and TGF-ß1 transcript levels upon the onset of the cervical neoplastic transformation. Spearman rank correlation was
performed in order to test the co-expression patterns regarding the mRNA levels of the examined genes in a pair-wise manner in normal, LG-SIL, HG-SIL and cancer samples. The test is applied for examination of the proportional (positive) or conversely proportional (negative) correlation of the expression patterns of two gene products. The results are summarized in Table III . Based on the findings, in normal cervical samples VEGF and TGF-ß1 showed a co-expression status (Spearman's rho, p=0.002), while no correlation was established between YY1 and VEGF or TGF-ß1 (Table IIIA) . The positive correlation between VEGF and TGF-ß1 was retained in LG-SIL specimens (Spearman's rho, p=0.005), however, new negative correlations that were not present in the control group were formed upon the onset of the cervical neoplastic transformation. Specifically, in the LG-SIL group VEGF and YY1, as well as TGF-ß1 and YY1, were found to be expressed in a reverse manner (Spearman's rho, p<0.001 and p=0.005, respectively) (Table IIIB) . In contrast, in HG-SIL and cancer groups there were no correlations demonstrated between the examined expression patterns, indicating that all types of correlations present in controls and LG lesions had been lost (Table IIIC and D). From the above results, we deduce that the co-expression profiles of all studied gene products differ significantly mainly among normal, LG-SIL and HG-SIL cervical specimens. Those findings suggest that the interplay between VEGF, TGF-ß1 and YY1 plays a crucial role in the onset and progression of the cervical neoplastic conversion process.
Implication of YY1 and VEGF mRNA overexpression in HPV infection of the uterine cervix. Non-parametric tests (Kruskal-Wallis H and Mann-Whitney U tests) or Chi-square (χ 2 )
Pearson analysis, were applied where appropriate for evaluation of the contribution of various clinical parameters, including the patient age and HPV infection status, to the altered patterns of mRNA expression among the different histological groups. All specimens were initially tested for HPV genome detection, followed by typing of HPV18 and HPV16 strains in HPVpositive cases, as previously described (33) (Table I) . A statistically significant overall difference in the presence of HPV DNA was established among normal, CIN and tumor groups (p=0.042). The majority of the CIN samples (56.25%) was infected by the virus, with dominance of the HPV18 subtype (50% of samples), while all tumor specimens were either HPV18-(66.6%) or HPV16-(33.3%) positive. Our findings from HPV typing are consistent with previously reported data on the incidence of HPV18 and HPV16 strains in pathological cervical tissues and Pap smears collected from the same geographical region (34, 35) . Examination for the presence of mRNA expression variations between infected and non-infected cases revealed that VEGF and YY1 mRNA Table III . Spearman's correlation rho and p-values in (A) normal, (B) LG-SIL, (C) HG-SIL, and (D) cancer groups of patients. 
expression in the HPV18-DNA positive samples was significantly higher compared to HPV18-DNA negative samples ( Fig. 2A and B ). However, we did not establish any significant differences in the above transcript levels among infected and non-infected LG-SIL, HG-SIL and tumor specimens. Similarly, we did not detect any association between infection and TGF-ß1 mRNA expression (Fig. 2C) .
The evaluation of age contribution in the expression profiles of target genes revealed that only in the cancer group the patients with TGF-ß1 overexpression were younger compared to those with TGF-ß1 downregulation (45±7.5 vs. 67±5.972 years), (Kruskal-Wallis H test, p=0.064). All other associations tested, including those regarding VEGF and YY1, were not statistically significant.
Increased YY1 protein levels are associated with HG-SIL, cervical cancer and HPV infection of the uterine cervix. In order to test whether the YY1 protein expression correlates with the results obtained by RT-PCR analysis, we examined the distribution and abundance of YY1 protein in cervical sections with different histology. Thus, 16 LG-SIL, 11 HG-SIL and 16 cervical tumor specimens, all derived from HPVinfected patients, were subjected to immunohistochemistry analysis for YY1 protein expression. The distribution of HPV18 and HPV16 strains among the above groups is summarized in Table I . Virus detection and typing was confirmed by PCR as described in Materials and methods.
For both HPV groups, HPV16 + (Fig. 3A and C) and HPV18 + (Fig. 3B and D) , significant variations in YY1 protein expression were observed among LG-SIL, HG-SIL and cancer samples, as similarly observed with YY1 mRNAs.
LG-SIL presented basal levels of YY1 protein (1+) ( Fig. 3Aa and Ba) which were significantly lower compared to those observed in HG-SIL samples (3+) (p=0.0001) ( Fig. 3Ab , Bb, C and D). YY1 staining was heterogeneously distributed in the cells of HG-SIL origin, whereas in LG-SIL the staining was preferentially present in the basal epithelial cells. Although cancer samples showed a strong cytoplasmic and nuclear YY1 staining in inflammatory polymorphonuclear cells (PMN) and particularly in neutrophils (3+, 4+), the expression of YY1 in tumor cells was lower and limited only to the cytoplasm (2+) ( Fig. 3Ac and Bc). Compared to HG-SIL, the reduction in YY1 expression levels observed in cancer samples was also statistically significant (p=0.001) ( Fig. 3C and D) . The above findings indicate that the HPV infection of the uterine cervix by the most oncogenic HPV strains HPV18 and HPV16 not only consists of a negative background of cervical intraepithelial lesions and cervical cancer development, but it also correlates with YY1 overexpression.
Discussion
Our incomplete understanding of the molecular mechanisms involved in cervical carcinogenesis, as well as the absence of early prognostic factors, may account for the lack of optimal treatment and poor outcome in many cases. The identification of genome-wide changes in gene expression profiles among histologically different cervical groups is thought to be crucial in the prediction of the clinical course of the cervical pathology. (Table I) . Each slide was scored by examination of 5 representative spots. * p-value: LG-SIL vs HG-SIL or cancer. Statistical analysis was performed using the Kruskal-Wallis H test.
In this study we provide novel evidence for the implication of YY1 in the malignant transformation of the uterine cervix and its association with HPV infection. Growth factors, such as VEGF and TGF-ß1 with established involvement in uterus cervix carcinogenesis (1) , were also tested for disrupted mRNA profiles during disease progression as well as for co-expression with YY1.
Our findings demonstrate significantly disrupted mRNA expression for all the examined genes among the different cervical subgroups tested. VEGF transcript levels were found to be significantly higher in HG-SIL and cancer histological types compared to controls, as we had previously observed in cervical tissues (1) . Additionally, new correlations that failed to be established in tissue samples appeared; HG-SIL and cancer groups showed VEGF overexpression compared to LG-SIL. Both approaches applied for the evaluation of VEGF expression variations among the examined subgroups showed that elevated VEGF levels are essential not only for the onset of the intraepithelial lesions but also for the progression of LG-SIL to HG-SIL and finally to cancer. Our data are in accordance with previous reports indicating increased VEGF mRNA levels in both CIN and invasive tumors of the uterine cervix that have been further associated with increased microvessel density (4, 36) . VEGF is thought to be undoubtedly one of the most important promoters of angiogenesis, and it is overexpressed in a variety of human tumors thereby contributing significantly to tumor growth and metastasis (37, 38) . Consequently, these findings suggest that VEGF could also be a significant mediator of angiogenesis in CIN and cervical carcinomas presenting overexpression patterns proportional to the severity of the cervical lesion.
Similarly, TGF-ß1 mRNA expression was found to be significantly elevated in high-grade lesions derived from either cervical tissues or Pap smears compared to the normal group. Moreover, in both cervical materials and independently of the applied evaluation method, LG-SIL presented reduced TGF-ß1 mRNA expression compared to HG-SIL, as was observed with VEGF. Despite the fact that the TGF-ß1 relative expression detected in HG-SIL and cervical cancer samples revealed a TGF-ß1 underexpression in cancer, the evaluation of the mean normalized TGF-ß1 expression values between the two groups did not result in any significant association. The above observation suggests that the disrupted VEGF and TGF-ß1 patterns present in HG-SIL possibly trigger a commitment of neoplastic cells to an advanced transformation process, leading finally to malignancy. The dual role of TGF-ß1 as suppressor or enhancer of tumor progression has been well demonstrated (39, 40) . However, little is yet known about how TGF-ß1-induced transcriptional control regulates cell proliferation and differentiation in uterine cervix. In the literature there are conflicting reports indicating variations in TGF-ß1 mRNA or protein levels between CIN and normal tissue specimens (7, 8, 41) . The observed overexpression of TGF-ß1 mRNA in HG-SIL compared to normal or LG-SIL specimens suggests a role of immunosuppression in the progression of cervical neoplasia. The positive correlation between VEGF and TGF-ß1 expression in the groups of normal and LG-SIL was further established by Spearman's rank correlation analysis. However, we observed loss of the indicated co-expression in HG-SIL and tumor groups, possibly reflecting a rather random disruption in GF expression in cases with high disease severity.
The involvement of YY1 in tumorigenesis is supported by recent observations indicating association of elevated YY1 protein levels with different types of human benign lesions and tumors in various tissues including prostate (28), brain and B-cell lymphomas (unpublished data). However, no reports are available regarding the expression of YY1 in CIN and cancer. According to our findings, YY1 appears to confer to malignant transformation of the uterine cervix, since its protein expression was significantly differentiated during disease development. Higher and lower YY1 levels were observed in HG-and LG-SIL respectively, while tumor cells presented intermediate staining, although significantly reduced compared to HG-SIL. This could be explained by the fact that YY1 may act as a transcriptional repressor of some gene promoters implicated in tumor development, thus reduced YY1 levels could be essential for tumor establishment. Despite that both YY1 protein and mRNA expression patterns followed the same trend among the different pathological groups, YY1 mRNA overexpression in HG-SIL compared to LG-SIL or cancer specimens was marginally significant. This discrepancy could be attributed most likely to difficulties faced in the statistical evaluation of the results due to the small number of LG-SIL and tumor samples. However, we cannot rule out activation of post-transcriptional mechanisms in addition to well-known post-translational modifications in YY1 protein (22) . Overall, the findings suggest that YY1 becomes and remains constitutively elevated during the progression of cervical neoplasia, which could be potentially considered as an indicator of disease development. Interestingly, the gene co-expression analysis performed in our study revealed a negative correlation between YY1 and TGF-ß1 mRNA transcript levels in LG-SIL, which is lost in advanced disease stages. It has been previously reported that YY1 may act as a transcriptional activator of TGF-ß1 expression via direct binding to the TGF-ß promoter (42) . However, the efficiency of this binding appeared to be positively influenced by the presence of certain YY1 DNA binding site-related polymorphisms and the YY1 protein availability (43) . In contrast, it has been shown that the interaction of YY1 with intracellular signaling effectors of TGF-ß1, such as Smad proteins, is able to inhibit TGF-ß-induced pathways (23, 44) . Hence, we can postulate that via different mechanisms low YY1 expression (although increased compared to normal tissue) may act as an inhibitor of TGF-ß1-related signaling pathways, therefore promoting the onset of neoplastic transformation, whereas significantly elevated YY1 levels may confer TGF-ß1 activation and disease progression. The above assumption is consistent with our findings, since both gene transcripts were increased in HG-SIL compared to controls and LG-SIL, but only YY1 mRNA levels were elevated in LG-SIL (compared to controls).
Increased YY1 transcript and protein levels were also associated with the presence of HPV18 or HPV16 infection. YY1 has been reported to be involved in the regulation of HPV18 promoter activity. Multiple YY1 binding sites have been identified in the HPV18 upstream regulatory region (URR), of which the promoter-proximal site plays a functional role (22) . While the majority of the HPV18 cancer isolates carry mutations or deletions in YY1 binding sites which confer transcriptional activation of the promoter (45) (46) (47) (48) , the significance of the promoter proximal YY1 site as a conditional activating site has been recently reported in HeLa cells. When another sequence 130 bp 5' upstream relative to the YY1 site termed the 'switch region' is present in the HPV18 URR, the promoter proximal YY1 site serves as a positive promoter regulatory element. This suggests a functional interaction between YY1 and the 'switch' region via binding to C/EBP ß protein, which may determine the transcriptional activity of YY1 (22) . Therefore, in the context of the intact HPV18 URR, YY1 is thought to be an activator of HPV18 transcription in HeLa cells. The present findings provide evidence that overexpression of YY1 may promote the immortalizing and transforming potential of HPV that consequently results in progression of benign cervical lesions to pre-malignant or malignant conditions. YY1 binding sites have also been detected in the promoters of E6 and E7 oncoproteins of HPV16 suppressing the HPV-specific long control region (LCR) (22, 49) . Deletions or mutations in the above sites have been reported that may also be associated with malignant conversion in the absence of virus integration (31, 49) . The above statements are consistent with our observations of high YY1 protein expression in HPV16-and HPV18-infected HG-SIL and cancer tissue specimens. HPVinfected PMN cells present in cancer sections showed the strongest cytoplasmic and nuclear YY1 staining among the examined cells, which possibly reflects the crucial role of YY1 in the survival and proliferation of infiltrated infected cells. The variation in the incidence of different HPV subtypes between the sample collections derived from Greece and Mexico could be attributed to preferential geographical distribution of certain viral strains (34, 35) . Although the observed frequency of HPV18 and HPV16 in HG-SIL and tumor Pap smears is consistent with previously reported data derived from the same geographical region (34, 35) , we cannot exclude that the lack of detection of a higher percentage of HPV18-positive HG-SIL smears could be related to the clinical method performed for sample collection, and thus to low undetectable viral load present in those samples.
In summary, our findings support the role of VEGF and TGF-ß1 mRNA disruption in the malignant transformation of the uterine cervix and introduce YY1 overexpression as a new candidate with potential prognostic significance in cervical disease development. Moreover, the identification of VEGF, TGF-ß1 and YY1 transcript patterns in Pap smears could provide easily obtained information for the aggressiveness and the biological evaluation of the cervical neoplasias without the necessity of surgically removed cervical tissue. However, further research with a large cohort of samples is necessary to elucidate the prognostic and therapeutic value of the above findings.
